and ammonium, dominated the PM composition, and contributed the most towards an 31 increase in the PM during the episode days constituting 64% of ambient PM2.5 compared 32 to 39% on non-episode days. Other PM components, such as mineral dust, sea salt or 33 heavy metals were found to be considerably higher during PM episodes. Zn and Pb were 34 found at the highest concentrations in both PM2.5 and PM1. Acid-base ionic balance 35 equations were calculated and point to acidic aerosols during event days and acidic to 36 alkaline aerosols during non-event days. No significant sources of indoor pollutants could 37 be identified inside the old-age home as high correlations were found between outdoor 38 and indoor PM, confirming mainly the outdoor origin of indoor air. 39 40
Introduction
physical-chemical characteristics and meteorology"), which this study was a part of, 56 intended to investigate acute, short-term health effects of PM and its composition in the 57 elderly part of the population (Jacobs et al. 2012 ). The sampling of air pollution was 58 designed, so that there was a contrast in ambient PM concentrations between the first and 59 second visit of a patient during which a set of clinical measurements was performed. 60
More information may be found in Jacobs et al. (2012) . This was possible thanks to the 61 predictions of PM concentrations (4 days in advance) made by Ircel (Belgian 62
Interregional Environment Agency). The air particulate matter was sampled both indoors 63 and outdoors of the building. Since this part of the population spends most of their time 64
indoors, monitoring the indoor air and close outdoor environment in place of the personal 65 blank filters (three standard deviations of the concentration found in blank) using the 158 average air volume of PM2.5 and PM1 samples taken during the sampling campaign. 159
LODs were ranging from 3 ng m -3 for magnesium to 72 ng m -3 for sodium cation in 160 PM2.5, and from 1 ng m -3 to 30 ng m -3 in PM1 for the same cations, respectively. 161
Magnesium and calcium ions were generally found in very low amounts. Magnesium was 162 detected above its LOD in 63% of all samples, calcium, in 46%. All other ions were 163 detected in significant amounts in all samples. The precision was better than 3.6% for all 164 analytes (Bencs et al., 2008) . For XRF analysis, the detection limits ranged from 0.7 for 165 vanadium and 32 ng m -3 for aluminium in PM2.5 and from 0.3 ng m -3 for vanadium to 13 166 ng m -3 for aluminium in PM1. Cd, Se and Sb were below the detection limits in all 167 samples, for other elements there were 11% of non-detects. The precision, expressed as 168 relative standard deviation of three repetitions was generally below 5%. Quality check of 169 these analyses was performed by calculating the correlation coefficients between 170 elemental-sulphur with sulphate-sulphur. R 2 values of 1 and 0.99 were found for indoor 171 and outdoor PM2.5, respectively. The PM1 correlation coefficients were 0.99 for both 172 indoor and outdoor PM. For chloride the values were somewhat lower, in indoor PM1 173 two outliers had to be excluded, the correlations had the R 2 equal to 0.98 and 0.95 in 174 PM2.5 indoors and outdoors, and 0.84 in indoor and 0.97 in outdoor PM1. 175
Identification of the origin of air masses was done for each day of the sampling 176 using 5-day backward trajectories performed with Hysplit model 177 wind velocity was lower than 2 m s -1 . In this study the increase of PM concentration 220 registered on episode days was much higher, on average 2.5 to almost 3 times higher, 221 compared to non-episode days. Wintertime increases in ambient pollutant concentrations 222 are frequently attributable to a combination of low level, persistent temperature 223 inversions and increases in emissions related to heating (Ye et al., (2003) ). Additionally, 224 lower temperatures occurring during the winter season favour the persistence of particle 225 phase with respect to the gas phase, e.g. NH4NO3 (Vecchi et al., (2004) close to that of the PM2.5-1 as is seen in the insert of Figure 2 . The coefficients for both 253 fractions were considerably higher than those reported for PM2.5 in residences in 254
California (Geller et al., 2002) , where the correlation coefficient was equal to 0.37. This 255
indicates that mass concentration increases on the outside are reflected on the inside and 256 one could deduce that a substantial fraction of indoor particles in our study penetrated -257 from the outdoor environment. 258
259
The correlation between PM1 and PM2.5 (R 2 ) was equal to 0.86 when PM outdoors was 260 compared, and 0.97 for the indoor concentrations. The I/O ratios for PM2.5 was always 261 below 1, and for PM1, exceeded 1 only twice (thus 17% of cases, amounting to 1.08 and 262 1.36). This, together with high correlations of indoor to outdoor air reported above, 263 suggest no major indoor sources of particulate matter in the studied old-age home. The relative contribution of unidentified species of particulate matter on ED's is 313 significantly lower than on NED's for both indoor and outdoor PM. This component thus 314 contributed less to the total PM on episode days than on non-episode days, although in 315 absolute values, it was about two times higher on ED's. The increase occurred both in 316 PM1 and PM2.5-1 to a similar extent. 317 318 Nss-sulphate constituted 99% of ambient PM 2.5 sulphate on ED's in all studied fractions 337 and about 92% (96% of PM1 sulphate and 80% of PM2.5-1 sulphate) on NED's. In 338 addition, on ED's the percentage range of nss-sulphate was very narrow -from 98% to 339 100%, on NED's, it was more variable. In PM1 it varied between 91% and 97% and in 340 PM2.5-1, between 43% and 97%. The highest relative contribution of sea-sulphate was 341 seen in the third week of the study, when the air masses passed a long distance over the 342 Atlantic Ocean and it was preferably associated with fraction PM2.5-1. 343
Nss-sulphate, nitrate and ammonium, dominate the composition of PM, constituting 64% 344 of PM2.5 during ED's (52 µg m -3 ) and 39% on NED's (10 µg m -3 ). Hence, not only an 345 absolute increase in the concentration was seen but also the relative contribution 346
increased by a factor of 1.6 on ED's compared to NED's. SIA absolute concentrations 347 were 5-6 times higher during ED's compared to NED's both indoors and outdoors. inversions, but also most probably by an increased formation of secondary species due to 354 the preferable meteorological conditions. As stated by Ram et al. (2012) at lower ambient 355 temperature and wind speed, high RH and SO2 and in the presence of higher particle 356 concentration the conversion of gaseous SO2 to particle SO4 2-is expected to be higher. 357
Amongst secondary species, nitrate prevailed mostly in ambient air, whilst nss-sulphate, 358
was the dominant ion in the indoor air. The nitrate indoor/outdoor (I/O) ratio was only 359 0.14 on the average while the nss-sulphate ratio was equal to 0.66 for PM2.5. For PM1, 360 these values were 0.10 and 0.96 for nitrate and nss-sulphate, respectively. The trend of 361 fine particles showing higher I/O ratios for sulphate was also observed by Jones et al. 362 (2000) . 363
The low I/O nitrate ratio indicates a significant decrease of nitrate concentration indoors 364 due to the higher temperature compared to the outdoor air and thus transformation of 365 particle ammonium nitrate to ammonia and nitric acid gasses (Parker et al. (2008)) (NO3 -366 conversion between particle and the gas phase is strongly temperature dependant). Nitrate 367 appears to be evenly distributed between PM1 and PM2.5-1 on ED's, both in absolute 368 values and relative contributions in ambient (29% and 27%, respectively) and indoor (5% 369 and 6%) concentrations. On NED's the nitrate prevails in PM1 but its relative 370 contribution is the same in ambient PM1 and PM2.5-1 (20%); in indoor air it constitutes 371 only 2% of PM1 and 10% of PM2.5-1. 372
Nss-sulphate on the other hand, during episode days is preferentially associated with the 373 supermicron fraction (PM2.5-1), and so is ammonia; the concentration of nss-sulphate in 374 this fraction is 2 times higher than in PM1 and in case of ammonia 1.6 times higher. The 375 relative contribution follows a similar trend. Indoors, both nss-sulphate and ammonia 376 have a higher concentration in PM1 than PM2.5-1 which could be attributed to lower 377 infiltration capacity of supermicron particles. As demonstrated earlier, the I/O for 378 sulphate in PM1 was close to 1 on average for all days and much lower in PM2.5. The 379 relative contributions indoors are similar in both size fractions (29% and 26% for EDs 380 and 12% during NEDs). On NED's slightly higher concentrations of nss-sulphate and 381 ammonia are found in PM1 than PM2.5-1 in indoor as well as ambient air. 382
The NH4 + / SO4 2-molar concentration ratios were calculated and were found to be 1.8 and 383
1.9 for PM2.5 and PM1, respectively, for outdoor concentrations and 0.9 and 0.8 for 384 indoor PM2.5 and PM1 concentrations..The maximum ratio was 3 in PM2.5 and 2. th February, which was influenced by solely regional anticyclonic 457 air masses), the approach using both ions estimated the content of sea salt to be 40% less 458 than the other approach, confirming thus the loss of Cl -ions and overestimation of sea 459 salt content using Na + content only. This did not seem the case during the other episode 460 days, where the approach using both the content of Cl -and Na + ions estimated the salt 461 content to be about 40% higher than when using Na ED's and 6% on NED's (1.6 µg m -3 ). It is enriched in the supermicron fraction PM2.5-1, 480 having about 2 times higher concentration than in fraction PM1 during NED's. During 481 ED's these differences are less prounced (Table 2) . Generally, the contribution of this 482 fraction is similar in our study to the results obtained for ambient Ghent PM, where it 483 constituted about 5% (1.2 µg m -3 ) of winter PM2.
(Viana et al. (2007a)). 484 485

Other elements 486
The fraction "other elements", was calculated, similarly to Sillanpää et al. 2006 , by 487 summation of the Sr, Cr, Ni, Mn, Cu, Zn, As, Pb and V concentrations. For samples 488 below the detection limit, random numbers below the detection limits were generated for 489 the calculation of the averages. This fraction contributes negligibly to the sampled PM, 490 namely 0.3-0.8% of various size ranges (Table 2) . Amongst these elements, Sr had the 491 lowest EFs (1.7-2.6), comparable with other soil derived elements. Mn and Cr show 492 medium enrichment, therefore displaying both natural and anthropogenic origin and are 493 followed by slightly higher values for V and Ni. Cu, Zn, As, Pb, are highly enriched (EFs 494 >100), implying mainly anthropogenic origin of those species. The results of 495 concentration measurements and EFs calculations are presented in Table 3 . 496 497 Element  ED  ND  EF crust  ED  ND  EF crust  As  5  2  688  3  2  942  Cr  3  2  11  2  1  14  Cu  17  24  156  9  11  163  K  452  212  4  313  152  6  Mn  14  9  4  7  4  4  Ni  6  3  18  4  2  31  Pb  40  22  715  26  15  1124  Sr  3  2  3  1  <LOD  2  V  8.1  3  12  6  3  23  Zn  108  40  250  60  28  398 *the average value without the one elevated point of 812 ng m -3 500 501
PM2.5 Indoor PM1 Indoor
The "other elements" are mostly heavy metals that were present in relatively low 502 concentrations in the outdoor environment and only as trace quantities in the indoor air. Grieken, (2010), 12h (both day and night) PM1 and PM2.5 averages calculated for those 525 elements inside offices in Antwerp, were much higher than our NED's indoor levels. On 526 ED's, Zn, Ni and V were elevated in our study by 1.5-3.5 times. 527
Elements such as: As, Ni, Pb, V and Zn accumulate to a large extent in the fine fraction 528 as opposed to for example Ti; Figure 5 shows the fractional distributions (PM1 and 529 PM2.5-1) of these elements with Ti given for comparison. They are characterized by high 530 PM1/PM2.5 ratios of 0.5-0.7 in ambient air and 0.6-0.7 in indoor air. These ratios 531 generally increase for indoor air compared to outdoor air as expected due to the ease of 532 infiltration of fine particles. Additionally, in Figure 5 , sulphur was shown as it exhibits 533 the largest difference in the fractional distribution between ED's and NED's (about 20%). 534
For other elements variation below 10% can be seen. 535
Pearson correlation coefficients (not shown) were calculated for these elements to 536 investigate which elements may originate from a common source. Cr was excluded from 537 correlation analyses as it was detected in about 50% cases only. Among other elements, 538 V correlated very well with Ni (r =0.92, p<0.001 for PM2.5 outdoors) both are 539 considered as originating in Europe from oil combustion (Swietlicki and Krejci, (1996) ). provided. This paper is complementary to a study by Jacobs et al. 2012 , which 611 investigated acute, short-term health effects of PM and its composition in the elderly part 612 of the population. Extremely high ambient PM2.5 and PM1 values were registered during 613 some days of this study. The investigation of PM composition revealed that although all 614 components were found to be considerably higher during episode days than during non-615 episode days, it was the secondary inorganic aerosols that contributed the most towards 616 an increase in the PM pollution as their relative contribution was higher by a factor of 617 1.6. Therefore, the episode days were not only influenced by a limited pollutant dilution 618 connected to occurrence of temperature inversions, but also most probably by an 619 increased formation of secondary inorganic pollutants due to preferable meteorological 620 conditions. The 120h air mass backward trajectories influencing the high pollution days 621
showed an anticyclonic scenarios with no or less direct influences of the North Sea or 622
Atlantic Ocean air masses than during the low pollution days. The anticyclone was 623 formed over the territories of Belgium, The Netherlands and Germany thus facilitating 624 the accumulation of both local and regional pollutants. Natural contribution (mineral dust 625 and sea salt) was relatively less important on ED's than NED's, the same was true for the 626 "other elements" which included mostly heavy metals and for unaccounted mass which is 627 in our study most probably composed of OC, EC and water. An ammonium deficit for 628 PM was deducted in this study, especially on ED's. On average, the PM fractions on 629 ED's were then slightly acidic (C/A = 0.9), whilst on normal days more variation was 630 seen, and C/A ranged from acidic to alkaline (C/A>1-1.3) in ambient air. Neutral to 631 alkaline aerosols coincided with the minima's of the registered PM mass. Amongst heavy 632 metals Zn and Pb were found at the highest concentrations in both PM2.5 and PM1. 633
No significant sources of indoor pollutants could be identified inside the old-age home. 634
Generally, the PM1 mass concentration decreased indoors by 29 % compared to 635 outdoors, whilst PM2.5-1 fraction by 57 %; this decrease was similar on ED's and 636 NED's. This is in agreement with the fact that fine mode particles penetrate the building 637 envelope easier than supermicron mode. High correlations were found between outdoor 638 and indoor PM, confirming the mainly outdoor origin of air pollution inside the Czagani 639 old-age home. 640 641
